Glass and Ceramics , VoL 67, Nos. 11-12, March, 2011 (Russian Original, Nos. 11-12, November - December, 2010) 


UDC 546.05:617:666.3 

COMPOSITES FROM MIXTURES OF POTASSIUM POLYTITANATE 
AND BIOCOMPATIBLE GLASSES 


A. V. Gorokhovsky , 1 ’ 3 D. A. Cortes-Hernandez , 2 and N. N. Shcherbakova 1 


Translated from Steklo i Keramika , No. 11, pp. 27 - 29, November, 2010. 


The possibility of synthesizing ceramic composites from mixtures of powders of two types of biocompatible 
glass and potassium polytitanate was investigated. It was shown that during the reaction of these composites 
with a solution simulating blood plasma, a porous structure reinforced with potassium hexatitanate or calcium 
titanate fibers formed on the surface of the material; the pores were filled with hydroxyapatite, which should 
cause intergrowth of bone tissue in the structure of the implants made from them. 
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Calcium orthophosphates in the form of finely crystalline 
nonstoichiometric Na-, Mg-, and carbonate-containing hy¬ 
droxyapatite, so-called biological apatite, are the basic inor¬ 
ganic component of solid tissues in the bodies of mammals. 
In addition to the calcium orthophosphates that constitute (by 
weight) 50 - 60% of bone, the other basic components of 
bone are collagens (30-40%) and water (up to 10%). Dif¬ 
ferent types of bioceramics have been obtained by inorganic 
synthesis. The high affinity with bone tissue and the bio¬ 
degradability with subsequent replacement by newly formed 
bone are considered to be the advantage of Cerasorb 
bioceramic made of Ca 3 (P0 4 ) 2 (calcium orthophosphate) and 
Ca 5 (0H)(P0 4 ) 3 (hydroxyapatite) over other synthetic materi¬ 
als. Calcium orthophosphates in bioceramics belong to the 
category of bioactive and bioresorabable materials. Dis¬ 
solved, they cause formation of a layer of biological apatite 
which results in the appearance of chemical bonds between 
implant and living bone and fusion to the bones, and these 
implants can bear mechanical loads [1]. The creation of a 
bioceramic with a porous structure with mechanical charac¬ 
teristics similar to those of living bone is important. For this 
reason, bioceramics began to be made macroporous (pore 
size greater than 100 jum) by adding blowing agents which 
are either volatile or readily soluble compounds (for exam¬ 
ple, naphthalene, saccharose, NaHC0 3 , NaCl, gelatin, poly¬ 
methyl methacrylate microbeads) [2]. The implant must be 
hydrophilic and have a biodegradation rate corresponding to 
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the rate of formation of new bone — from several months to 
two years. 

The properties of bioceramics are being improved in se¬ 
veral directions — synthesis of ion-substituted calcium ortho¬ 
phosphates, creation of nanocrystalline structures, organo- 
mineral hybrids, ceramic fibers, microbeads, porous three-di¬ 
mensional structures from hydroxyapatite and two-phase cal¬ 
cium phosphate, and biocercamics with a porosity gradient. 
Synthesis of composites simulating the composition and 
properties of bone tissue is being supported, and the study of 
nanostructured and nanocrystalline materials made of cal¬ 
cium orthophosphates to simulate the complex hierarchical 
structure of bones and teeth is expanding. 

The composites are usually mixtures of several different 
components: an inorganic substrate containing elements of 
bone tissue growth factor or organic matrices with inorganic 
additives. Such materials as Kolapol, Hapcol, Biomatrix, 
etc., were created from hydroxyapatite and collagen. 

The use of computer modeling of composites and many 
experimental studies have shown that the structure and pro¬ 
perties, size and shape of filler particles, and the character of 
their reaction with the matrix are the factors that determine 
the increase in the mechanical strength and crack resistance 
of the synthesized material [3]. 

Selection of the biological material that ensures effective 
regeneration of bone tissue should be based on the results of 
experimental tests in the conditions of the biological me¬ 
dium. 

A common characteristic property of all bioactive im¬ 
plants used in traumatology and orthopedics is the formation 
of a carbonate hydroxyapatite (CHA) layer on their surface 
on implantation. Equivalent to the mineral phase of bone in 
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TABLE 1 . Calculated Composition of Components of the Initial 
Materials for Fabricating Composites 


Raw 


Mass content of oxides, % 


material 

Si0 2 

Na 2 0 CaO 

P 2 O s Ti0 2 

k 2 o 

PPT 

0.5 

— — 

81.3 

19.2 

Glass G1 

46.1 

22.0 26.9 

5.0 

— 

Glass G2 

30.4 

49.7 

19.9 

— 


composition and structure, the CHA layer grows in the form 
of polycrystalline agglomerates containing collagen fibrils, 
so that the inorganic surface of the implant binds with the or¬ 
ganic components of the tissues. The interface between 
bioactive implant and bone is almost identical to the natu¬ 
rally arising interfaces between bones, tendons, and liga¬ 
ments. The mechanical properties of the biomaterial most 
completely correspond to natural stress gradients [4]. In or¬ 
der to give the implant the necessary properties, it is neces¬ 
sary to create materials with controllable resorption, and this 
is attained by using a bioactive component — hydroxyapatite 
and a mineral filler, which give the material the required me¬ 
chanical and structural properties. There are biomaterials [5] 
obtained from hydroxyapatite and the natural mineral 
wollastonite and diopside, which can create a reinforcing 
network of diopside or wollastonite crystals in the implant; 
however, the increase in the strength in these materials is ac¬ 
companied by an increase in the density (decrease in the po¬ 
rosity). 

We conducted studies to obtain a new type of biocom¬ 
patible material in the form of a glass ceramic composite in 
which the glass matrix is reinforced with crystalline fibers 
formed during reactive firing in sintering of the bioceramic. 
The results of previous studies [6, 7], where it was shown 
that fibrous calcium titanate and potassium hexatitanate crys¬ 
tals are high-strength biocompatible materials capable of fix¬ 
ing implant compounds with living bone, were the grounds 
for conducting this research. In addition, previously pub¬ 
lished studies [8] showed that high-strength crystalline po¬ 
tassium hexatitanate fibers are formed in heat treatment of 
amorphous potassium polytitanates during their combined 
firing with amorphous silica. 

Two previously approved glass compositions represented 
in [9, 10] as satisfying the requirements for biocompatible 
materials were selected as the glass matrix for synthesizing 
the composite. 

Potassium polytitanate (PPT) with Ti0 2 /K 2 0 = 5.3 pre¬ 
pared by the method described in [11] was selected as the 
precursor for creating the crystalline phase. The calculated 
compositions of the glass and potassium polytitanate are re¬ 
ported in Table 1. 

A batch based on traditional materials: quartz sand, cal¬ 
cium carbonate (chalk), soda (sodium carbonate), ammo¬ 
nium hydrophosphate, was used for founding the biocompa- 



Fig. 1 . Structure of the composite of composition 1: a) initial (mag¬ 
nification x 300); b ) after holding in physiological solution for 
5 days (magnification x 1000). 


tible glasses. The glass batch was founded in an electric fur¬ 
nace in different conditions: 

glass G1 — the crucible with the batch was placed in a 
heated furnace at 1400°C and held for 2 h, then the glass 
melt was poured off into water; 

glass G2 — the crucible was placed in a cold furnace, 
heated at the rate of 7 K/min to 1450°C, and poured off into 
water. 

The glass granulate was ground to a powder in a ball 
mill. The mixture of the 0.1 - 0.35 pm fractions of the glass 
powder and PPT in the weight ratio of 50/50 was then 
ground in a ball mill for 30 min, and then blanks — pellets 
1 cm high and 1 cm in diameter — were prepared by semidry 
molding with addition of an aqueous emulsion of dextrin un¬ 
der pressure of 24 MPa. The pellets were fired in an electric 
furnace at the maximum temperature of 1100°C. 

The samples of the ceramic composites obtained: com¬ 
posite 1 with glass G1 and composite 2 with glass G2, were 
then tested for compressive strength. 

The samples of the composites were exposed to physio¬ 
logical solution to determine the degree of biocompatibility. 
The concentration of ions in the solution was (mM): 142.0 Na; 
5.0 K; 2.5 Ca; 1.5 Mg; 27.0 HC0 3 ; 1.0 HP0 4 ; 0.5 S0 4 [12]. 

The samples were investigated for new growths. The 
structure and phase composition of the ceramic samples ob¬ 
tained were investigated with electron-probe methods of 
analysis using a Philips XL30ESEM scanning electron mi¬ 
croscope equipped with an ED AX Pegasus for local x-ray 
microanalysis. The photomicrographs of the composites ob¬ 
tained are shown in Figs. 1 and 2. 

The photomicrographs obtained clearly show that com¬ 
posite 1 appears to be more similar to bone tissue with a 
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Fig. 2. Structure of the composite of composition 2: a) initial (mag¬ 
nification x 600); b ) after holding in physiological solution for 
5 days (magnification x 1300). 


dense matrix and pores of different sizes than the sample of 
composite 2 (see Fig. la and Fig. 2a). An incrustation of 
new growth that coats the surface of the glass matrix is visi¬ 
ble in Fig. lb. 

However, dissolution of the glass matrix of the material, 
baring the potassium hexatitanate and calcium titanate fibers 
and forming cemented hydroxyapatite structures between the 
fibers, confirmed by the data from local x-ray microanalysis, 
are seen in Fig. 2b, which shows composite 2 after holding in 
physiological solution for 5 days. The composition of the in¬ 
crustation confirms the reaction: the calcium passes from the 
physiological solution into the hydroxyapatite, and the mate¬ 
rial remains monolithic with formation of the incrustation. 

As the chemical analysis of the incrustation formed in 
the material after 3 days of testing with physiological solu¬ 
tion showed, the ratio of calcium and phosphorus oxides 
(26.5/17.0) corresponds to the oxide content in hydroxy¬ 
apatite (based on its chemical formula). According to the re¬ 
sults of the analysis of the new growths in composite 2, fi¬ 
brous crystalline phases are present together with hydroxy¬ 
apatite: potassium hexatitanate K 2 Ti0 26 0 13 and calcium ti¬ 
tanate CaTi0 3 . Composite 2 has almost 3 times higher me¬ 
chanical compressive strength than composite 1, 11.4 and 
4.1 MPa, respectively. 

As a result of sintering the mixed biocompatible glass 
and potassium polytitanate powders, ceramic composites that 
react with physiological solution with formation of hydroxy¬ 
apatite were obtained. The studies revealed the advantages of 
the composite of composition 2, since a fibrous reinforcing 
structure formed by potassium hexatitanate and calcium ti¬ 
tanate fibers distributed in the glass matrix is formed. As a 


result of exposure to physiological solution, the glass matrix 
dissolves, while the fibers are cemented by the new hydroxy¬ 
apatite formations; because of this, the material has uni¬ 
formly distributed porosity which is totally permeable to 
physiological fluids. Since the porosity is not formed by 
channels, but by the entire interfiber space, the pores are a 
continuous phase creating space for new growth and liga¬ 
ments with living bone (tissue). 
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